Genetic diversity in nineteen strains of Pleurotus was studied using morphometric traits and growth factors. Ability of the isolates of these strains to tolerate different ranges of temperature and pH were evaluated. Highest mycelial growth rates were obtained at 25 °C (mutants and hybrids) and 30 °C (wild type), while LAU 90 (mutant) performed satisfactorily at all evaluated temperature ranges (15-35 °C). Highest mycelial yields (dry weight) were produced by LAU 90 at different pH regimes (4.0 -9.0), while hybrids LN 97 and LN 98 maximally produced mycelial yield at pH 5.0 and 7.0, respectively. Analysis od Principal component (PC) revealed that components of these strains accounted for 86.1% of total variations among the strains with first PC recording 44.6%.
Introduction
Oyster mushrooms are most commercially cultivated edible mushrooms in the world (Kibar and Perksen, 2008) . Generally, mushrooms have been valued as nutritional and medicinal resources for mankind. Mushroom production has translated into multi-billion dollar industry as its consumption continues to increase greatly due to demand by modern consumers seeking health-added benefits to their food. It was reported in year 2005 that mushroom farming, production and utilization increased worldwide, with 10 million metric tonnes of edible and medicinal mushroom produced in various countries (Royse, 2005) .
Edible mushrooms are well known and used in dietetics for prevention of atherosclerosis due to high content of fibre, protein, microelements and very low fat. Fresh mushroom contains 3-35% fibre, 3-21% carbohydrate with low calorific value and are excellent sources of minerals and vitamins (Nakalembe et al., 2015) . The lipid compounds in mushrooms are generally unsaturated (Ng et al., 1999) with free fatty acids that constitute about 2-8% of dry weight (Breece, 1990) . Mineral nutrients in mushrooms include phosphorus, calcium and iron (Adebayo et al., 2014) , while the vitamins are thiamine, riboflavin, ascorbic acid, ergosterine and niacin.
In recent years, the trend of research has been directed toward discovering ways of treating and manipulating mushrooms with the possibility of imparting added values. Owing to its various nutritional contents and health benefits, the development of improved and high yielding varieties of mushrooms, especially in terms of biomass yield, fruit body and biochemical substances (Adebayo et al., 2013) is being continuously researched into, with reference to Pleurotus species cultivation.
Growth factors, morphological and agronomic traits can be adopted in genetic diversity studied of various plants species (Solak and Gupta, 2001) . Genetic diversity of Pleurotus species in terms of morphometric traits under different environmental conditions will unravel the potential of the species and enhance selection of genotypes or strains with vigour for yield improvement. Divergent species may have good breeding values, and strains from the same parent with diverse potential may enhance selection of genotypes for better performance in yield (Adebayo et al., 2014) .
Utilization of genotypes from different clusters as parents of crosses can be used for maximum variability for selection in the segregating population of plants (Genet et al., 2005) . This same principle may not be different for mushrooms being a lower plant. Yu et al. (2013) previously reported the genetic diversity of P. ostreatus cultivars. Genetic variability and systematics of isoenzymes in Pleurotus species was also reported by Georgios et al. (2009) . However, there is little or no available report on genetic diversity of Pleurotus species based on growth responses to various conditions of culture media.
Therefore, the present study was designed to; (1) generate genetic variability through development of mutants and hybrids from wild collections of Pleurotus species, and study their growth response under various temperature and pH regimes; (2) assess genetic diversity among the generated mutants and hybrids relative to wild parents with a view to select improved isolates for further development.
Materials and methods

Collection of strains
Dikaryotic mycelium of P. pulmonarius (LAU 09) and P. ostreatus (LAU 10) were isolated and characterized at Pure and Applied Biology Department, Ladoke Akintola University of Technology, Ogbomoso, Nigeria (Adebayo et al., 2016) , while P. citrinopileatus (NE 01), P. cornucopiae (NE 02), P. djamor (NE 03), P. sajor-cajor (NE 05), P. sapidus (NE 07) and P. ostreatus (NE 08) were collected from Plant Science Department, NEIST, Jorhat, India. The strains were maintained on potato dextrose agar (PDA) slant at 4°C.
Development of mutant isolates of P. pulmonarius
Actively growing cultures (7 d old) of P. pulmonarius (LAU 09) on PDA plates (90 mm) were exposed to UV light (210 nm, Millipore xx63 70000) for 3 h at 30 min intervals (30 min, 60 min, 90 min, 120 min, 150 min and 180 min) (Adebayo et al., 2012) . The mutants were selected using morphological (growth and appearance of mycelium and fruit body) and physiological (responses to temperature and pH) features. Plug (6 mm) from peripheral of Petri dish of mutant strains was subcultured on the PDA with 5% yeast extract agar (YEA), incubated at 25°C for 7 days with wild type as control. All cultures were in triplicates and the diameters of mycelial growth were measured.
Hybridization of P. pulmonarius with other species of Pleurotus
Hybridization was carried out between two different dikaryon strains of Pleurotus species. Mating compatibilities of P. pulmonarius (LAU 09) with seven other species of Pleurotus ostreatus (LAU 10), P. citrinopileatus (NE 01), P. cornucopiae (NE 02), P. djamor (NE 03), P. sajor-caju (NE 05), P. sapidus (NE 07), P. ostreatus (NE 08) were determined through interstrain pairing among dikaryon isolates. Cross compatibility of strains was determined by scoring for the presence of clamp connexions and pairing was performed as reported by Adebayo et al. (2013) . In each plate, the agar plugs of two monocultures to be crossed were placed 20 mm apart and incubated at 25°C until a welldeveloped contact zone was established 12 days after incubation.
Mycelium growth rates at different temperature regimes
Optimum temperatures for mycelium linear growth for wild, mutant and hybrid strains over a range of 15-35 °C at 5 °C increase were assessed on PDA with 5% of YEA. Experiments were conducted in Petri dishes in replicates (Zervakis et al., 2001) , incubated for 7 d, and linear growth rates were determined using the equation Y = KrX + C (where Kr is mycelium linear growth, Y is the distance covered by mycelium growth, X is the time taken for mycelium growth and C is constant).
Effect of pH on mycelium growth
Determination of optimum pH for mycelia growth was carried out in potato dextrose broth (PDB) with 5% of yeast extract powder (YE) over a
Spawn production
Rice grains (100 g/bottle) were washed four times, boiled for 45 min and dried. The dried grains were mixed with 1% w/w of calcium carbonate (CaCO3), dispensed in bottles and sterilized at 121°C for 30 min. The sterile grains were inoculated with 6 plugs (6 mm) of actively growing culture in replicates, incubated at 23 ± 2 °C and mycelium running was recorded at three days interval (Adebayo et al., 2012) . Ramification rate, ramification days, weight of ramified mycelia and spawn productivity were determined using equation (1) 
Results
Nature and identity of the Pleurotus genotypes
Part of the data reported in Table 1 has been published by Adebayo et al. (2016) , especially the wild types and hybrid strains. The isolates consisted of eight wild types (LAU 09, LAU 10, NE 01, NE 02, NE 03, NE 05, NE 07 and NE 08), four mutant strains (LAU 30, LAU 60, LAU 90 and LAU 120) and seven hybrid strains (LAU09 x LAU10 (LL 910), LAU09 x NE01 (LN 91), LAU09 x NE02 (LN 92), LAU09 x NE03 (LN 93), LAU09 x NE05 (LN 95), LAU09 x NE07 (LN 97) and LAU09 x NE08 (LN98). Twelve out of these strains have been characterized to the specie level, with the accession numbers registered at the National Centre for Biotechnology information (NCBI) database. Five uncharacterized strains without accession number were represented by NIL. One uncultured strain was characterized, but the nucleotide sequence has no similarity with any strain in National Centre for Biotechnology information after blasting (Table 1) .
Linear growth rates of wild, mutant and hybrid strains of Pleurotus species studied
Linear growth rates of wild, mutant and hybrid strains of Pleurotus species at different temperatures are shown in Weight of mycelia ramification was highest in LAU 90 (6.67 g), followed by LN98 (6.4 g) and LN97 (6.10 g). The highest percentage spawn productivity was in LN98 (53.3%), followed by LN97 (50.8%) with the shortest days of ramification (12 days) each. The lowest spawn ramification rates of 0.359 cm/d was obtained in NE 02 while lowest percentage spawn productivity (23.1%), weight of mycelia ramification (3.70 g) and longest days of ramification (16 days) were obtained in LAU 10 (wild) ( Table 5 ). The spawn ramification rates, weight of mycelia ramification and percentages spawn productivity were found to be significantly different (P<0.05) among the strains studied. 
Multivariate analysis of morphometric traits and growth factors
The first five principal component (PC) axes with their Eigen values are as shown in Table 4 . The first three principal components accounted for 71.9% of the total variation among the strains in response to various temperature and pH regimes. Most of the variation was explained by the first principal component (44.6%), followed by the second (14.6%) and the third (12.8%). The first component had high positive loadings from ramification rate (RT), seven days of growth (7-G), weight of dry mycelia yield at pH 9.0 of growth (WDMY at pH 9.0), Sixteen, fourteen and five days of growth (16-G, 14-G, 5-G), and spawn productivity (PDT) while only negative loading was recorded from ramification days (RD). Second component had high positive loadings from ramification day (RD) and ten days of growth (10-G) while negative loadings were recorded from Linear growth rate (LGR) at temperature of 20(T-20°C) and 30 (T-30°C). Third component had high positive loadings from weight of dry mycelia yield at pH 9 and 5 of growth (WDMY at pH 9.0 and pH 5.0) only. However, none of the variables were redundant. 
Discussion
Information about the Pleurotus species (mutant and hybrid) strains reported in this study was registered in (NCBI) GenBank database (https://www.ncbi.nlm.nih.gov/nuccore/accessionnumber). Nature and identity of the strains used in this study, especially the hybrids have been reported by Adebayo et al. (2016) , while mutants have never been reported before in the literature. The present investigation has clearly shown that strains of Pleurotus employed in this study elicited varietal differences under various growth temperature and pH regimes. LAU 90 (a mutant strain) with unmatched nucleotide sequences from GenBank database exhibited exceptional performance. This is an indication that mutation event has led to alteration of genetic arrangement resulting in generation of new strain (Sandhya et al., 2006 (Zervakis et al., 2001; Kibar and Perksen, 2008) . However, in the present study, considerable higher growth rates were recorded at 35 °C by the mutant strains, a proof that the mutant strains have inherent ability to tolerate high temperature range.
The mutant strains evaluated produced mycelia mats from pH 4 to 9 and satisfactorily from pH 4.0 to 7.0 with highest yield recorded by LAU 90 (mutant). This probably depicted the potential of mutant strains to adapt well to wide pH regimes in comparison to its wild type (LAU 09). The optimum pH varied between 5.0 and 7.0 for both wilds and hybrids, with exception of NE 08 (wild), which produced its highest yield at pH 4.0,
Adebayo et al., 2018 Genetic Diversity Among Strains of Pleurotus species.
This journal is © The Nigerian Young Academy while LN 91, LN 92 and LN97 (hybrids) produced satisfactorily at pH 8 and pH 9. The broad ranges of pH 3.5 to6.0 were previously reported as optima pH for fungal growth and products yield (Restaino et al., 1983; Membre et al., 1999) contrary to the present. Ability of some hybrid strains (LAU09xNE01 'LN91', LAU09xNE02 'LN92' and LAU09xNE07 'LN97') to satisfactorily produce mycelia mat at pH greater than 6.0 is an indication of strains improvement over their wild types. Highest WMR (6.40 g), shorter RD (12 days) with highest PDT (53.3%) were obtained in hybrid (LN 98), followed by mutant strains (LAU90) with RT (0. 889 cm/d), WMR (6.67 g), shorter RD (14 days) and the highest PDT (47.6%), while their wild types recorded lesser values. Highest value of WMR, RT and PDT at shorter RD obtained inhybrid strains over their wild types are of commercial importance in mushroom production.Growth factors, morphological and agronomic traits can be adopted in genetic diversity studied of various plants species (Solak and Gupta, 2001) . From principal components, we have three groups based on reducing the number of variables. Group one, RT has the largest loading, and was taken as best, followed by 7-G and pH 9-G from component one. RD was the best choice in the group two, followed by 10-G and pH 4-G, while 14-G was the best, followed by 16-G and WMR in the group three. Hence, the nine identified variables could be used to replace forty eight original variables, because they are weighted combinations of the original variables and they are independent of each other (Adebayo et al., 2014) . Spatial distribution of the nineteen strains used in this study showed high level of genetic variability considering the dendrogram of relationships among the strains of Pleurotus species based on morphometric traits and growth factors. Ward clustering method was
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This journal is © The Nigerian Young Academy 2018 able to differentiate among the nineteen strains by dividing them into two main genetic groups (Clusters A and B). Cluster A contained mutant and hybrid strains without the presence of wild type, which indicate that mutants and hybrids may be morphologically distinct but share similar genetic features. Cluster B contained only wild strains (both India and Nigeria species), suggesting similarity in genetic background of the strains, since their genetic materials were not tampered with, though they differ in physiological responses. This finding established genetic variability among wild, mutant and hybrid strains studied based on morphometric traits and growth factors. Information here may enhance selection for better performance of mutant and hybrid strains over the wild types in different environmental conditions, which can also enhance yield improvement. In previous study, Adebayo et al. (2014) opined that good breeding values could be obtained as a result of strains divergent and member of one heterotic group can be represented by strains in the same cluster. Genet et al. (2005) , Azeez and Morakinyo (2011) reported that the utilization of genotypes from different clusters as parents of crosses can be used for maximum variability for selection in the segregating population of plants. Hence, available information from the results obtained from the current study could be adopted in breeding for improved yield performance.
Conclusions
From all indications, results obtained in the present study showed that nineteen strains of Pleurotus species are genetically diverse based on the morphometric traits and growth factors, under different temperature and pH regimes. Strain LAU 90 (mutant) with the highest mycelia yield, ramification rate, weight of mycelia ramification, and LN 98 (LAU09 x NE08) with the high mycelia yield and percentage spawn productivity within minimum of 12 days may be adopted for commercial mushroom cultivation.
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